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METHOD AND APPARATUS FOR 
ACTIVATING AND EXECUTING REMOTE 

OBJECTS 

This is a continuation of application Ser. No. 08/077,221 
?led Jun. 14, 1993, now abandoned. 
A portion of the disclosure of this patent document 

contains material which is subject to copyright protection. 
The copyright owner has no objection to the facsimile 
reproduction by anyone of the patent document or patent 
disclosure, as it appears in the Patent and Trademark O?ice 
patent ?le or records, but otherwise reserves all copyright 
rights whatsoever. 

RELATED PATENT APPLICATIONS 

Related patent applications include commonly assigned 
copending patent application U.S. Ser. No. 08/077,219 ?led 
on the same date as the present application, entitled 
“METHOD AND APPARATUS FOR UTILIZING PROXY 
OBJECTS TO COMMUNICATE WITH TARGET 
OBJECT ”, hereby incorporated by reference. 

TECHNICAL FIELD 

The present invention relates to data processing systems 
and more particularly to communications to invoke objects 
in different address spaces. 

BACKGROUND ART 

The development of programming for data processing 
systems has traditionally been a time consuming task. 
Object oriented programming (OOP) has emerged as a 
promising new technology which will allow more ef?cient 
development reuse and customization of new software pro 
gramming. Object oriented programming shifts the empha 
sis of software development away from function decompo 
sition and towards the recognition of units of software called 
“objects” which encapsulate both data and functions. As a 
result, programs become easier to maintain and enhance. 

Yet despite its promise, object oriented technology has not 
penetrated major commercial software products to date. This 
is due in part because of the obstacles which the developer 
must confront when utilizing object oriented programming. 
A ?rst obstacle that developers must confront is the choice 
of which object oriented programming language to use. The 
early expressions of object oriented programming concept 
focused on the creation of toolkits and languages, each of 
which are designed to exploit some particular aspect of OOP. 
So called pure object oriented languages such as SmallTalk 
use a runtime environment which will operate smoothly and 
consistently so long as the developer works within the 
supplied environment. However, when interacting with for 
eign environments, the objects must be reduced to data 
structures which do not retain the advantages which objects 
o?’er with regard to encapsulation and code use. Hybrid 
languages, such as C++ require less runtime support, but can 
result in tight bindings between the programs which provide 
the objects and the clients which use them. Tight binding 
implies that the client programs must be recompiled when 
ever simple changes are made to the library. The second 
obstacle is the disparity in concept among the plurality of 
dilferent object oriented languages. That is, toolkits embrace 
dilferent incompatible models of what objects are and how 
they work. The software developed using any particular 
language or tool kit is limited in scope. A program imple 
mented in one language can rarely be used in another. 
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The System Object Module “SOM” is a new object 

oriented technology for building packaging and manipulat 
ing object oriented programs designed to unite various 
object oriented approaches. In ‘SOM, the interfaces of the 
classes of objects, together with the names of the method 
they support, the return types, the parameter types and so 
forth, are speci?ed in a standard language called the Inter 
face De?nition Language (IDL). The actual implementation 
of the object class can be performed in whatever program 
ming language the developer prefers. The preferred pro 
gramming language need not necessarily be an object 011' 
ented programming language, but might be a procedural 
language such as C. Thus, the advantages of object oriented 
programming can be extended to programmers of non-object 
oriented programming languages. SOM is described in 
greater detail in the OS2.20 SOM Guide and Reference, a 
publication of the IBM Corporation, which is hereby incor 
porated by reference. 

There also exists distributed OOP models which are 
extensions of standard OOP systems. Standard OOP systems 
are typically restricted to utilizing or making calls to objects 
within the same address space as the process utilizing or 
calling those objects. That is, a process typically cannot 
access objects located within other processes including 
where those other processes are located on the same or 
different host computers. However, distributed OOP systems 

‘ allow processes to access objects located in remote address 
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spaces including address spaces located in the same or other 
host systems. A standard for such distributed OOP systems 
currently exists called Common Object Request Broker 
Architecture (CORBA) and is described in The Common 
Object Request Broker: Architecture and Speci?cation, pub 
lished by the Object Management Group and X Open, which 
is hereby incorporated by reference. This architecture allows 
a process to make calls to objects in other address spaces, 
typically by constructing the necessary communication 
paths during compilation. 

DISCLOSURE OF THE INVENTION 

The present invention includes a method for activating 
and executing objects containing data and procedures 
including the steps of relaying, by a ?rst object in a ?rst 
address space, a communication from a process in a second 
address space to a second object in the ?rst address space, 
activating, by the second object, a third object containing 
data and procedures in response to the relayed communica 
tion, and executing, by the activated third object, an opera 
tion in response to the relayed communication. In addition, 
the present invention includes an apparatus for activating 
and executing remote objects containing data and proce~ 
dures including a ?rst object in a ?rst address space for 
relaying a communication from a process in a second 
address space to a second object in the ?rst address space, 
means for activating, in the second object, a third object 
containing data and procedures in response to the relayed 
communication, and means for executing, in the activated 
third object, an operation in response to the relayed com 
munication. 
A further understanding of the nature and advantages of 

the present invention may be realized by reference to the 
remaining portions of the speci?cation and the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a typical data processing 
system utilized by a preferred embodiment of the invention; 
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FIG. 2 is a block diagram illustrating the address spaces 
utilized by various processes in main memory according to 
a preferred embodiment of the invention; 

FIG. 3 is a block diagram of the primary component 
utilized by a preferred distributed object system; 

FIG. 4 is a block diagram illustrating various elements 
needed for utilizing proxy objects according to a preferred 
embodiment of the invention; 

FIGS. 5A-5D are block diagrams illustrating a client 
process bootstrapping communications with a server process 
and activating, invoking, and calling an object located in the 
server process; 

FIG. 6 is a ?owchart corresponding to the bootstrapping 
operation described with reference to FIG. 5A; 

FIGS. 7A-7B are a ?owchart corresponding to the acti 
vation and invocation operations described with reference to 
FIGS. SB-SC; and 

FIG. 8 is a ?owchart corresponding to a call operation to 
a target object described with reference to FIG. 5D. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

The invention may be run on a variety of computers or 
collection of computers under a number of different oper 
ating systems. The computer could be, for example, a 
personal computer, a rninicomputer, mainframe computer or 
a computer running in a distributed network of other com 
puters. Although the speci?c choice of computer is limited 
only by disk and disk storage requirements, computers in the 
IBM PS/2 (TM) series of computers could be used in the 
present invention. For additional information on IBM’ s PS/2 
series of computers, the reader is referred to Technical 
Reference Manual Personal Systems/2 Model 50, 60 systems 
IBM Corporation, Part No. 68X2224 Order No. S68X-2224 
and Technical Reference Manual Personal Systems/2 
(Model 80) IBM Corporation Part No. 68X2256 Order No. 
S68X-2254. One operating system which an IBM PS/2 
personal computer may run is IBM’s OS/2 2.0 (TM). For 
more information on the IBM OS/2 2.0 Operating System, 
the reader is referred to 08/2 2.0 Technical Library, Pro 
gramming Guide, Vols. 1, 2, 3 Version 2.00 Order No. 
1066261, 1066495, 1066494. 

In the alternative, the computer system might be in the 
IBM RISC System/6000 (TM) line of computers which run 
on the AIX (TM) operating system. The various models of 
the RISC System/6000 are described in many publications 
of the IBM Corporation, for example, RISC System/6000, 
7073 and 7016 POWERstation and POWERserver Hard 
ware Technical Reference, Order No. SA23-2644-00. The 
AIX operating system is described in General Concepts and 
Pr0cedures-AIX Version 3 for RISC System/6000, Order 
No. SC23~2202-00, as well as other publications of the IBM 
Corporation. 

FIG. 1 is a block diagram of a typical data processing 
system 100 utilized by a preferred embodiment of the 
invention. The data processing system includes main pro 
cessor(s) 110 coupled to a main memory 120 in computer 
box 105 with input device(s) 130 and output device(s) 140 
attached. Main processor(s) 110 may include a single pro 
cessor or multiple processors. Input device(s) 130 may 
include a keyboard, mouse, tablet or other types of input 
devices. Output device(s) 140 may include a text monitor, 
plotter or other types of output devices. The main processor 
may also be coupled to graphics output device(s) 210 such 
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4 
as a graphics display through a graphics adapter 200. Graph 
ics adapter 200 may be located in an adapter slot 160A. 
Graphics adapter 200 receives instructions regarding graph 
ics from main processor 110 on bus 150, thereby rendering 
the desired graphics output from the main processor. A 
modem or other communications adapter 250 and a hard 
disk 255 may also be located in slots 160C and 160D to 
provide communications with main processor 110 across bus 
150. Modern 250 may communicate with other data pro 
cessing systems 270 across communications line 260. Com 
puter readable removable media 290, such as a magnetic 
diskette or a compact disc, may be inserted into an input] 
output device 285, such as a disk drive or a CD-ROM 
(compact disc-read only memory) driver. Data is read from 
or written to the removable media by the I/O device under 
the control of the I/O device controller 280. The U0 device 
controller communicates with the main processor through 
slot 160E across bus 150. Main memory 120, hard disk 255 
and removable media 290 are all referred to as memory for 
storing data for processing by processor 110. One of the 
preferred implementations of the present invention is as 
several sets of instructions in a code module resident in the 
main memory 120. Until required by the computer system, 
the sets of instructions may be stored in another computer 
memory, for example, in a hard disk drive, or in a removable 
memory such as an optical disk for eventual use in a 
CDROM or a ?oppy disk for eventual use in the ?oppy disk 
drive. 

SOM is described in greater detail in copending and 
commonly assigned application Ser. No. 07/805,668 “Lan 
guage Neutral Objects” ?led May 4, 1992, to M. Conner et 
al, which is hereby incorporated by reference. SOM will be 
discussed in the present application only insofar as neces 
sary to understand the present invention. Nonetheless, sev 
eral facets of SOM are worth mentioning. Within SOM and 
other object oriented systems, each object has certain data 
attributes and methods which operate on the data. Data is 
said to be “encapsulated” by an object and can only be 
modi?ed by the method which belongs to the object. Meth~ 
ods are typically invoked by sending a message to an object, 
identifying the desired method and supplying any needed 
arguments. Objects can be subclassed to create new objects. 
“Inheritance” is the ability to derive a new object from an 
existing object inheriting all properties such as methods and 
data structure from the existing object. The new object may 
have certain unique features such as new methods which are 
added to or override existing methods of the existing class. 
A new subclass needs only specify the functions and data 
which distinguish it from its already existing base class. 
Thus, the software developer does not need to develop an 
entirely new piece of code. He or she need only specify the 
new unique features of the software. 

Distributed SOM (DSOM) is an extension to the System 
Object Model (SOM). Whereas SOM is a single address 
space object model directed to client processes utilizing only 
those objects located within the same address space as the 
client process, DSOM allows a client process in one address 
space to make calls on target objects residing in other 
address spaces. DSOM builds on SOM by making an 
object’s location transparent to the client process. That is, a 
client process accesses a remote object by utilizing the same 
mechanism used for accessing an object located in the same 
address space as the client process. DSOM transmits the 
request from the client process to the target object and 
returns the results from the target object to the client process. 

‘ FIG. 2 is a block diagram illustrating the address spaces 
utilized by various processes in main memory according to 
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a preferred embodiment of the invention. Main memory 
120A and 120B are typically random access memories 
(RAM) for two different host computers. Each main memory 
has address spaces 291, 292, 293, 295 and 296 made 
available for various processes to utilize during execution. 
The processes utilizing these address spaces (each process is 
allocated one address space) could be client or server 
processes. Typically, a client process is the process that 
initiates requests for communications with objects not in its 
address space. In addition, a server process is typically the 
process that includes the target object and responds to the 
request for communications from the client process. Fur 
thermore, the server process may become a client process 
should it initiate a request to communicate with an object not 
in its address space and the client process may become a 
server process should it include a target object for another 
client process. 

FIG. 3 is a block diagram of the primary component 
utilized by a preferred distributed object system. A client 
process 300 and a surface processor 305 are shown running 
on the distributed object system. As described above with 
reference to FIG. 2, the client and server processes are 
running in different address spaces and may be on different 
host systems. The distributed object system provides the 
necessary communications between the client and server 
processes when needed. 

The core piece of the distributed object system is DSOM 
runtime 310. DSOM runtime 310 handles all communica 
tions between the various elements illustrated in FIG. 3. 
DSOM runtime 310 communicates with client 300 via client 
interface 320 and with server 305 via object adapter 325. 
Client interface 320 provides a known or standard interface 
to various client processes. In the preferred embodiment, the 
client interface follows the common object request broker 
architecture (CORBA) and system object model (SOM) 
standards. Object adapter 325 provides a known or standard 
interface to various server processes. In the preferred 
embodiment, the object adapter also follows the CORBA 
and SOM standards. As a result, the preferred DSOM 
runtime 310 may communicate with and provide services for 
applications written to these known standards, thereby pro 
viding an open architecture. In addition, additional client 
and server processes may be supported concurrently in 
additional address spaces and possibly on other host systems 
by adding additional client interfaces and object adapters. In 
the preferred embodiment, some portions or all of the 
DSOM Runtime and its services and utilities reside on each 
of the host systems. This includes the necessary elements to 
handle communications between the hosts across networks. 
For ease of explanation, the DSOM Runtime and its services 
and utilities are illustrated as a single entity rather than as 
multiple distributed copies that communicate with each 
other in a transparent manner. 

DSOM runtime 310 utilizes various service utilities. 
These service utilities include authentication service 330, 
activation service 340, location service 350 and marshalling 
service 360. Authentication service 330 veri?es the identity 
of client processes requesting services of DSOM runtime 
310. This is to prevent unauthorized utilization of the DSOM 
runtime functions including access or communications to 
objects residing in various server processes. Activation 
service 340 is responsible for activating various server 
processes when those server processes contain objects 
needed for communications with client processes. Location 
service 350 assists DSOM runtime 310 in locating on which 
host a desired server may be located. Marshalling 360 
handles communications between processes by packaging 
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6 
the desired communications and then passing that package 
to either IPC based transport 362 or socket based transport 
364 to perform the communications. 

Interface repository 370 is a database providing informa 
tion regarding how to communicate with objects located on 
other host or processes. As a centralized database, interface 
repository can provide various pieces of information to 
various elements of the distributed object system to perform 
communication with various objects. For example, marshal 
ling 360 may query interface repository 370 regarding 
information about various objects that the marshalling ser 
vice is attempting to communicate with on another host. 
Implementation repository 380 is a centralized database that 
provides information regarding which host a server process 
may reside on as well as other information needed for 
activation of those server processes by activation service 
340. Since interface repository 370 and implementation 
repository 380 are databases, calls and updates to them may 
be one of many types of database queries and transactions 
known in the art. In the preferred embodiment, the interface 
repository and the implementation repository are ?at ?les. 
Interface repository 370 contains information needed to 
make calls on objects including remote objects. In the 
preferred embodiment, this information includes the signa 
tures of each type of call for each object including the form 
and data types needed to communicate with the objects. 
Implementation repository 380 contains a listing of the 
various types of objects available by class or other types of 
attributes, as well as which server that target object may be 
associated with. Utilization of the above described distrib 
uted object system is described below. 

FIG. 4 is a block diagram illustrating various elements 
needed for utilizing proxy objects according to a preferred 
embodiment of the invention. Client process 300 includes an 
object manager 400 which is responsible for locating servers 
according to various attributes speci?ed by the client. Client 
process 300 utilizes a server proxy object 410 and a stack 
proxy object 420 to communicate with a target server object 
430 and a target stack object 440 located on server process 
305. These proxy objects allow the object manager to utilize 
local addressing to communicate with objects located in a 
different address space. In order to perform these commu~ 
nications, interface repository 370 and implementation 
repository 380 will be utilized as described below. In addi 
tion, a daemon is utilized for establishing communications 
paths between client and server processes. A copy of the 
interface and implementation repositories may be stored on 
each host or they may be stored in a common memory or a 
distributed ?le system. In addition, a copy of the daemon 
should be running on each host system. The utilization of 
these elements will be described in greater detail below with 
reference to FIGS. 5 and 6. 

FIGS. 5A~5D are block diagrams illustrating a client 
process bootstrapping communications with a server process 
and activating, invoking, and calling an object located in the 
server process. The server process has a separate address 
space from the client process and may be located on a 
separate host. 

FIG. 5A illustrates a client process bootstrapping a server 
proxy object which manages communications to a server 
process that contains a desired target object. Upon activation 
or perhaps during processing, client process 300 may deter 
mine that it needs access to various objects, such as a printer 
object, which may be located in different address spaces and 
may also be located on a separate host. In the preferred 
embodiment, every client process has a SOMDnObjMgr 
(distributed SOM object manager) which is responsible for 
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locating servers according to various attributes speci?ed by 
the client. A typical attribute utilized by the client process is 
object class (such as a type of printer). Upon determining 
that an object is needed to perform a desired function, the 
client process queries the SOMD__ObjMgr for a desired 
object by a SOMDFindAnyServerByClass call. Upon 
receiving the call from the client process the SOMD? 
ObjMgr then queries the implementation repository 80 to 
determine whether any server supports such an object by 
that class. If so, then the SOMD_ObjMgr constructs a 
SOMDServer proxy object in the client address space rep 
resenting the SOMDServer object of the server containing 
the target object unless such a proxy object already exists for 
that server. In the preferred embodiment, there is only on 
SOMDServer proxy object for each server process that the 
client process intends to communicate with since each server 
process has one and only one SOMDServer object. At this 
point, the remote server may not be running. However, the 
client process now has a basic interface tool to activate and 
invoke the server process when needed. As a result, a client 
process may have initialized access to desired server pro~ 
cesses without requiring the overhead of invoking and 
activating those server processes until it is needed. 

In the preferred embodiment, a proxy object is built by 
creating an instance of a class that inherits from a general 
proxy class (called SOMDClientProxy in the preferred 
embodiment) and the interface of the target object. This 
interface information may be obtained from the interface 
repository. Within the proxy object the portion of a method 
or call table utilized for target object calls will be replaced 
with pointers to a known general purpose dispatch mecha 
nism (preferably called somdDispatch) inherited from 
SOMDClientProxy which allows the dynamic construction 
of calls on SOM objects. This general purpose dispatch 
mechanism is typically called dynamic method invocation in 
SOM. The standard somdDispatch‘ mechanism has been 
overridden in the SOMDClientProxy with a generic mecha 
nism for redirecting calls on the proxy to the remote object. 

FIG. 5B is a block diagram illustrating a client process 
invoking a call to initiate communications with the server 
process containing the target object via the SOMDServer 
proxy. Because the proxy object has not yet established 
communications with the server process, the proxy object 
queries the implementation repository to locate which host 
the desired server process is located on and to determine 
how to communicate with the daemon on that host. The 
proxy then establishes communications with the daemon 
located on that host to obtain a binding to that server process. 
The daemon determines whether the server process is 
already activated. If so, then the daemon immediately 
returns the binding to the SOMDServer proxy object. How 
ever, if the server process is not already activated, then the 
daemon communicates with the implementation repository 
to determine the means by which to activate the server 
process. Once obtained, the daemon then activates the server 
process. Once activated the server preferably includes a 
SOMDServer object and SOM object adapter (SOMOA). 
The server process then tells the SOMOA that it is up and 
running. The SOMOA then communicates this to the dae 
mon which then tells the proxy SOMDServer what the 
binding is for the server process. As a result, the client 
process has caused the server process to be activated and has 
obtained bindings necessary to handle direct communica 
tions with the server process. 

FIG. 5C is a block diagram illustrating the SOMDServer 
proxy object invoking an object in the server process as a 
result of the original call by the client process to the proxy 
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object. The SOMDServer proxy object issues a create 
request directly to the SOMOA (SOM object adapter) in the 
server process. The SOMOA then passes this communica 
tion to the SOMDServer object. The SOMDServer object 
then generates the desired object (a Cale object within the 
present example) within the server process. The SOMD 
Server object then communicates back to the client process 
via the SOMOA the results of the object generation within 
the server process. The SOMDServer proxy then causes a 
corresponding Calc proxy object to be generated in the client 
process. As a result of the above, the client process now has 
readily accessible communications to an active server pro 
cess with a corresponding Cale object via the Calc proxy 
object. 

FIG. 5D is a block diagram illustrating the Cale proxy 
object providing communication to the server process Cale 
object. The client process invokes the Calc proxy with an 
operation such as subtotal. The Calc proxy then sends a 
request message to the server process SOMOA. The 
SOMOA then passes the request message to the SOMD 
Server object. The SOMDServer then passes the request 
message to the Cale object for the actual calculations. The 
result of the calculations is then communicated back to the 
client process Calc proxy in a result message. As result, the 
Calc proxy appears to the client process to perform the 
desired operation without the client process actually being 
aware of the communications to the server process Calc 
object. In addition, the client process does not require 
special tools in order to communicate with objects in other 
address spaces. 

FIG. 6 is a ?owchart corresponding to the bootstrapping 
operation described with reference to FIG. 5A above. In a 
?rst step 500, it is determined that the client process needs 
a certain type or class of object that is not available in the 
local address space. This determination is typically per 
formed by the client process in the preferred embodiment. 
This determination may occur during activation of the client 
process or during client process execution. In either case, 
this determination occurs during runtime of the client pro— 
cess according to the preferred embodiment of the invention. 
The object class may be one of many types of resources such 
as a printer, access to a database, etc. In step 510, the client 
process then generates and issues a SOMDFindAnyServer 
ByClass call to the local SOMD,_ObjMgr object. As men 
tioned above, the SOMD_ObjMgr is utilized by the client 
process to locate server processes which may contain a 
desired class of object. In step 520, the SOMD__ObjMgr 
then issues a query to the implementation repository for a 
server containing the desired class of object. This query is 
passed through client interface 320 to implementation 
repository 380 to obtain the desired information including 
which server contains the desired object. If a server for a 
desired target object is not located, then the client process is 
so noti?ed. In step 530, if a desired target object is located, 
the DSOM Runtime then determines, by querying the client 
process, whether a SOMDServer proxy object already exists 
in the client process that is associated with the server 
containing the target object. If such a SOMDServer proxy 
object is not located in the client process, then the DSOM 
Runtime builds in the client process a SOMDServer proxy 
object associated with the server that contains the target 
object. The DSOM runtime accomplishes this by commu 
nicating with the interface repository, based on the infor 
mation obtained from the implementation repository, to 
obtain interface information regarding the server containing 
the target object. This information is included in the SOMD 
Server proxy object to facilitate communications with the 
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server containing the target object upon request. Regardless 
of whether a new SOMDServer proxy object was generated 
or previously existed, the client process is then noti?ed of 
the target object availability including a pointer to the 
SOMDServer proxy object. 

In the preferred embodiment, at this point there has been 
no determination whether the server is currently executing 
or not. In addition, no communications have been passed to 
the server process. As a result, a minimal amount of over 
head is needed to create the SOMDServer proxy object in 
the client process containing a communication path to the 
server containing the target object. 

FIGS. 7A-7B are a ?owchart corresponding to the acti 
vation and invocation operations described above with ref 
erence to FIGS. 5B-5C. In step 600, it is determined that the 
client process needs to utilize the target object. This deter 
mination is typically performed by the client process in the 
preferred embodiment. This determination may occur during 
activation of the client process or during client process 
execution. In either case, this determination occurs during 
runtime of the client process according to the preferred 
embodiment of the invention. In step 610, the client process 
makes a call to the server containing the target object via the 
SOMDServer proxy object. This call can include informa 
tion necessary to perform the call. In step 620, the SOMD 
Server proxy object queries the DSOM Runtime to deter 
mine whether a previous communication had been made 
with the server containing the target object. If so, then the 
SOMDServer proxy object immediately passes the commu 
nication on to the server process as will be described below 
with reference to step 700. Otherwise, in step 630, the 
DSOM Runtime utilizes the location service to query the 
implementation repository to ?nd which host the server is 
located on. Upon obtaining the host location, the DSOM 
runtime then contacts the host daemon to obtain the network 
port address of the desired server. In step 650, if the daemon 
determines that the server is already running, then the 
daemon returns the port address of the server process 
according to step 690 below. Otherwise, in step 660, the 
daemon queries the implementation repository to determine 
how to activate the server. In step 670, the daemon then 
activates the server. In the preferred embodiment, when the 
server process is activated, a SOM object adapter (SOMOA) 
is generated for handling communications between the 
server process and the daemon. This server activation func 
tion is a type of function typically performed by daemons. 
In step 680, the activated server process creates a SOMD 
Server object and informs the daemon via the SOMOA that 
the server process is ready for communications. In step 690, 
the daemon then returns the port address for the server 
process to the SOMDServer proxy object in the client 
process. 

Now that the server process is activated, the DSOM 
Runtime can handle the original call from the client process 
to the server process. In step 700, the DSOM Runtime relays 
the call from the client process to the server process at the 
previously indicated port address. The SOMOA in the server 
process then receives the call and makes a call to the 
SOMDServer object. The SOMDServer object then will 
perform the call. For example, the SOMDServer object may 
create a desired calc object within the server process. 
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However, the SOMDServer may perform other activities 
desired by the calling client process. In step 720, the 
SOMOA then returns the results of the call back to the 
SOMDServer proxy object via the DSOM runtime. In the 
case of the SOMDServer object generating a new target 
object in the server process to handle the call, the return 
results contain a reference to the new target object in the 
server process. Whenever this the case, in step 730, a proxy 
object corresponding to the target object referenced in the 
return results is then generated. This proxy object includes 
information from the interface repository regarding how to 
handle communications between the proxy object and the 
target object to which it corresponds. 

FIG. 8 is a ?owchart corresponding to a call operation to 
a target object described above with reference to FIG. 5D. In 
a ?rst step 800, the client process makes a call to the local 
proxy object requesting the proxy object perform some 
operation. The local proxy object then makes a call to the 
target object in the server process via the DSOM runtime. If 
not already activated, the server process will be activated as 
described above. In step 820, the SOMOA in the server 
process receives the call. In step 830, the SOMOA asks the 
SOMDServer object for a local pointer to the target object. 
In step 840, the SOMDServer object activates the target 
object if necessary and returns a local pointer to the 
SOMOA. In step 850, the SOMOA then makes a call to the 
SOMDServer object to dispatch the original call from the 
client process to the target object. The target object then 
performs the call (in the illustrated case, a subtotal opera 
tion) and returns the results to the SOMOA via the SOMD 
Server object. In step 860, the SOMOA then returns the 
results of the call to the calc proxy object in the client 
process via the DSOM runtime. In the case of the SOMD~ 
Server object generating a new target object in the server 
process to handle the call, the return results contain a 
reference to the new target object in the server process. As 
described above, any return references to new target objects 
would be converted in step 870 by the DSOM runtime. This 
conversion would include converting the reference into the 
appropriate proxy objects in the client process while utiliz 
ing the interface repository. 
The SOMDServer object activates and calls objects for 

execution in response to communications received by the 
SOMOA and relayed to the SOMDServer. Typically, the 
basic object adapter (BOA) for a process will activate and 
call objects in response to communications without utilizing 
an intermediate object. By utilizing the SOMDServer object 
to activate and call objects in response to communications 
from other address spaces, the user has the capability of 
easily modifying the activation and calling processes by 
subclassing the SOMDServer or by utilizing other tech 
niques well known in the art of object oriented program 
ming. 

Appendix A contains additional information regarding the 
use of the distributed object system. 

Although the present invention has been fully described 
above with reference to speci?c embodiments, other alter 
native embodiments will be apparent to those of ordinary 
skill in the art. Therefore, the above description should not 
be taken as limiting the scope of the present invention which 
is de?ned by the appended claims. ' 
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APPENDIX A 

Distributed SOM (DSOM) 
(C) Copyright Internation Business Machines Corporation, 1993 

All Rights Reserved. 

1 Introduction 

What is Distributed SOM? 
Whereas the powerot SOM technologymmes from the lactthat $0M insulates the clientotan 
object trom the object's the powerot DSOM lies inthe tact that DSOM insulates 
the client oi an obiect from the obiect's location. 

DistrbutedSOM (orDSOmpmvidesatramewonrthatallows applicationprogramstoaccess 
obiedsaaossadwessspacesmsappicmbnprogmnscanawessobiectshoum 
processes, even on ditterent machines. Both the location and implementation at anobiect are 
hiddentromactient. andmecliemaocessestheobiedtviametmdcal?mthesannmamer 
regardless of its location. 

DSOM currently supports two types of distrbution: distribution among processes on the same 
machine-reterredtoas Workstation DsoM~anddistrbutionamonganetworlrot nactines 
- relerredto as WorkgroupOSOM. DSOM runs onthe AlX (Release 3.2 and above) and 08/2 
(Release 2.0 and above) operat'ng systems, and Workgroup DSOM supports diminution 
across local area networksconprised ot both 0812 and AlX systems. Future releasesot DSOM 
may support large. enterprise-wide networks. 

DSOM can be viewed in two ways: 

' Asan extensionto the System Object Model. that allows a program to invoke methods on 
SOM objects in other processes. and 

- As an Object Request Broker (0R8). i.e.. a standardized ‘transport'tordistribuled object 
interaction. in this respect. DSOM conplies with the Common Object Request Broker 
Architecture (OOHBA) speci?cation. published by the Object Management Groq: (OMG) 
and x/Open “' . 

This chapter describes DSOM trom both perspectives. 

DSOM features 
Here is a quick summary of some ol DSOM‘s more important teatures: 

. Uses the Compiler. Interface Repository, language bindings. and class li 
braries. DSOM provides a growth path for non‘distributed SOM applications. 

. Allows an application program to access a ' . . The tact that an 

object is remote is transparent to the program. 

- Provides n-im --; tr rm -- o. . 

methods on remote objects. These service can be overridden or augmented to sort the 
application. 

- Uses existing interpmess communiggign (IPQ) facilities tor Workstation communication. 
and l - - rk LAN rn u. tacilities for Workgroup communications. f -_ . 

Support for TCP/IP. Netware IPX/SPX, and Netbios is provided. DSOM communications is 
extensible in that an application can provide its own transport (see Appendix E of this User's 
Guide). 

- Provides support tor writing multi-threaded (on 08/2) and gventjiriven programs. 
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i - c - n which can be easily used to create SOM objects 

and make those obiects acce sible to one or more client programs. It the delault server 
program is used. SOM class libraries are loaded upon demand. so no server programming or 
compiling is necessary. 

‘ ., 'n,which is important lorapplication portability. 

When to use DSOM 
DSOM should be used tor those applications that require sharing ct objects among multiple 
programs. The obiect actually exists in only one process (this process is known as the object's 
sewer): the other processes (known as clients) access the object via remote method invoca 
tions. made transparently by DSOM. 
DSOM should also be used tor applications that require objects to be isolated from the main 
program. This is usuallydone in caseswhere reliability is a concern - eitherto prolectthe object 
trom failures in other parts of the application. or (less often). to protect the application from an 
object. 
Note that some distributed applications may have special performance. reliabiity, or coopera 
tive processing requirements. to which the $0M Replication lramework is better suhd. The 
Replication tramework is oriented toward "groupware‘ (multiparty cooperative processing) 
applications, and has tacilities tor tault tolerance and recovery. The Replication tramework is 
distinct trom DSOM in that it maintains a complete replica ot an obiect in each participant's 
address space, while DSOM establishes remote connections to shared obiects. 

outline 

Tutorial example 
First. a complete example shows how an existing $0M class implementation (a “Stacl? can be 
used. without with DSOM to create a distributed ‘Stadt' application. Using the 
‘Stack’ exarmle as backdrop, the basic DSOM interfaces are introduced. 

Programming DSOM applications 
All DSOM applications involve three kinds of programming: 

- Client programming: writing code that uses objects; 

0 Server programming: writing code that imple ments and manages obiects; and 

- lnplementing classes: writing code that irrplements obieds. 

Three sections — “Basic Client Programming". “Basic Server Programming“, and “lnplement‘ 
ing Classes“ —- descrbe how to create DSOM applications trom these three points of view. In 
turn. the structure and services ot the relevant DSOM run-time environment are explained. 

Note: The three sections are presented in the order above to aid in their explanation. However. 
the actual programming tasks are likely to be perlormed in the opposite order! 

Additional examples are provided in these sections to illustrate DSOM services. 

Configuring DSOM applications 
The section “Con?guring DSOM Applications" explains what is necessary to set up a DSOM 
application. once the application has been built. 

Running DSOM applications ‘ 
The section “Running DSOM Applications" explains what is necessary to run a DSOM applica~ 
tion. once it has been built and con?gured. 
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DSOM and CORBA 
Those readers interested in using DSOM as a CORBA-oompliant ORB should read the section 
entitled "DSOM as a COHBA-oorrpliant Object Request Broker.” That section answers the 
question: How are CORBA concepts irmlemented in DSOM? 

Advanced topics 
The section on “Advanced Topics’ covers the tollowing: 

"Peer vs. client-server processes’ demonstrates how peer-to’peer obiect interactions are 
supported in DSOM. 

“Dynamic Invocation lntertace" details DSOM support for the CQRBA dynamic invocation 
imertace to dynamicaliy build and invoke methods on remote objects. 

“Building client-onty ‘stub’ DLLs" shows how a programmer can build a stub DLL tor a remote 
object so that the DSOM run time can build a proxy without having access to the remote 
object's con'plete DLL. 
“Creating user-supplied proxy classes‘ descrbes how to override proxy generation by the 
DSOM run time and, instead, instalt a proxy object supplied by the user. 

“Sockets class" describes how DSOM uses Sockets subclasses. 

Error reporting and troubleshooting 
The section on “Error Reporting and Troubleshooting" discusses tacilities to aid in problem 
diagnosis. 








































































































































